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(54) METHOD AND DEVICE FOR MEASURING PATTERN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a pattern provided with a plurality of linear 
areas. 

SOLUTION: This device is provided with an image acquiring part 21 for acquiring the 
image of a fine pattern formed on a sample, an edge point extracting part 22 for 
extracting a plurality of edge points in the fine pattern from the image acquired by this 
image acquiring part, an edge point dividing part 23 for dividing a plurality of extracted 
edge points into a plurality of groups with a dividing point as a boundary and a form 
measuring part 24 for measuring the form of the pattern while using the edge points 
included in each of groups divided by this edge point dividing part. 




wm 



^5 















■•s*3%*1:-; 




-22 






-23; 






-ZA 






^5 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] . 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



1 of 1 



9/27/04 8:05 AM 



http:/AAA^4Jpdljpo.gojp/cgi-bin/tran^...2522%2520BGCOLOR%3D%2522lightyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process from which it is formed in a sample and an edge acquires the image of the detailed pattern possessing two 
or more straight-line-like straight-line fields, The process which extracts two or more edge points of a detailed pattern from the 
acquired image, and searches for the position coordinate of each extracted edge point, The process which divides the extracted 
edge point into two or more groups bordering on the dividing point chosen from the edge point from which it was extracted one or 
more, Said dividing point is a pattern measuring method characterized by being set up so that it may be contained in the group 
from whom the edge point extracted from said each straight-line field differs, respectively including the process which measures 
the configuration of said detailed pattern using the edge point in each divided group. 

[Claim 2] Said detailed pattern is a pattern measuring method according to claim 1 divided into two groups of the group of the 
edge point which possesses at least the 1 st straight-line field and the connection field which connects two straight-line fields, sets 
up one dividing point, and is included to the 1st straight-line field, and the group of the edge point included to the 2nd straight-line 
field. " 

[Claim 3] When the 1 st straight-line field and the 2nd straight-line field are almost parallel, said dividing point In each group who 
divided the edge point extracted at the set-up temporary dividing point while carrying out a sequential setup of each extracted 
edge point at the temporary dividing point into two groups, and was divided Either [ at least ] the distance of the model and each 
edge point which approximate the edge point in a group, or the distance between the models which approximate two straight-line 
fields, respectively is calculated. The pattern measuring method according to claim 2 with which the sum of each distance 
calculated into each group is characterized by being chosen from min and the temporary dividing point that the distance between 
said models fulfills at least one greatest condition. 

[Claim 4] When the 1st straight-line field and the 2nd straight-line field are not almost parallel relation, said dividing point In 
each group who divided the edge point extracted at the set-up temporary dividing point while carrying out a sequential setup of 
each extracted edge point at the temporary dividing point into two groups, and was divided The pattern measuring method 
according to claim 2 characterized by being chosen from the temporary dividing point that the sum of the distance which 
calculated the distance of the model and each edge point which approximate the edge point in a group, and was calculated into 
each group serves as min. 

[Claim 5] In each group divided using said dividing point, while carrying out a sequential setup of each edge point in a group at a 
temporary dividing point In each smallness group who divided the edge point in a group into two small groups further, and was 
further divided at the 2nd set-up temporary dividing point The pattern measuring method according to claim 3 or 4 characterized 
by the sum of the distance which calculated the distance of the model and each edge point which approximate an edge point, and 
was calculated into each smallness group dividing the inside of each group further using the 2nd dividing point chosen from the 
2nd temporary dividing point used as min. 

[Claim 6] Said detailed pattern possesses the 2nd almost parallel straight-line field and the connection field which connects two 
straight-line fields to the 1st straight-line field and the 1st straight-line field. Said dividing point In each group who divided into 
two groups at the set-up temporary dividing point, and was divided while carrying out a sequential setup of each edge point at the 
temporary dividing point The pattern measuring method according to claim 1 characterized by being chosen from the temporary 
dividing point that compute the distribution from the straight line which approximates a group, respectively, and the value of the 
computed distribution exceeds the criteria searched for from chi 2 -distribution. 

[Claim 7] It is the pattern measuring method according to claim 1 characterized by to compute the magnitude of the width of face 
of an auxiliary pattern , die length , area , a center of gravity location , and a level difference from the edge point included in the 
group who said sample was the reticle which imprints the pattern currently formed to an exposed substrate with a projection 
aligner , and extracted the part which is equivalent to said auxiliary pattern from the group who said detailed pattern possessed the 
auxiliary pattern for perform proximity effect correction , and was divided , and was extracted . 

[Claim 8] Said detailed pattern is a pattern measuring method according to claim 1 characterized by setting up two or more 
dividing points, and for a corner field being round from the edge point included in a group including said corner field, and 
computing condition so that two straight-line fields may be connected, the round corner field may be provided at least and two 
straight-line fields and a corner field may be included in a group different, respectively. 

[Claim 9] It is formed in a sample and the 1st straight-line field and the 1st straight-line field are received. The 2nd almost 
parallel straight-line field, The process which acquires the image of the detailed pattern possessing the connection field which 
connects two straight-line fields, The pattern measuring method characterized by including the process which extracts two or 
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more edge points of a detailed pattern from the acquired image, the process which approximates two or more extracted edge 
points to the model shown with the Boltzmann function, and the process which measures the configuration of said detailed pattern 
using the approximated model. 

[Claim 10] The image acquisition section which acquires the image of the detailed pattern formed in the sample, and the edge 
point sampling section which extracts two or more edge points of a detailed pattern from the image acquired in this image 
acquisition section, The pattern measuring device characterized by coming to provide the edge point division section which 
divides two or more extracted edge points into two or more groups bordering on a dividing point, and the configuration test 
section which measures the configuration of a pattern using the edge point included in each group divided in this edge point 
division section. 

[Claim 11] Said sample is a reticle and said detailed pattern contains the auxiliary pattern for performing proximity effect 
correction. Said configuration test section The image which extracted the group containing said auxiliary pattern from two or 
more groups divided in said edge point division section, and displayed a group's extracted edge point, The pattern measuring 
device according to claim 10 characterized by coming further to provide the measurement result display which displays the image 
of said detailed pattern in piles. 

[Claim 12] Said detailed pattern possesses two straight-line fields and the corner field which connected two straight-line fields 
and was round. Said configuration test section A group including a corner field is extracted from two or more divided groups. The 
pattern measuring device according to claim 10 characterized by coming to provide the measurement result display which asks for 
the circle which approximates Mari Maru of a corner, and piles up and displays the called-for image of a circle, and the image of 
said detailed pattern from the edge point included in the extracted group further. 

[Claim 1 3] The program for considering as a means to measure the configuration of said detailed pattern, and making it function 
using a means to divide a means to extract two or more edge points of the detailed pattern in the image of the detailed pattern 
formed in the sample in the computer, and two or more extracted edge points into two or more groups, bordering on a dividing 
point, and the edge point in each divided group. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] From the image of the pattern possessing two or more straight-line fields, this invention extracts each 
straight-line field, and relates to the pattern measuring method which performs configuration measurement of this pattern, and a 
pattern measuring device. 
[0002] 

[Description of the Prior Art] With detailed-izing of the pattern dimension of a semiconductor device, the pattern dimension of a 
reticle is also made detailed and the effect of the electrical characteristics on the semiconductor device of the optical proximity 
effect produced in case a reticle pattern is imprinted on a wafer is beginning to arise. 

[0003] For example, if the reticle pattern containing a pattern 3301 and a pattern 3302 is imprinted on a wafer as shown in 
drawing 33 (a), as shown in drawing 33 (b), the pin center,large section of the central Rhine pattern 3311 will be imprinted 
thinly. Near a pin center,large, since the pattern consistency is a non-dense compared with other parts, in response to the effect of 
the optical proximity effect, dimension fluctuation produces this. In addition, drawing 33 and a pattern 33 12 are patterns with 
which the pattern 3302 was imprinted and formed. 

[0004] As an approach of solving this problem, the optical proximity-effect-correction technique (OPC (Optical Proximity 
Correction) technique) is used. That is, an auxiliary pattern (OPC pattern) is prepared in some reticle patterns, and fluctuation of a 
dimension is pressed down. For example, by giving the auxiliary pattern 3303 so that the reticle dimension of the part from which 
the pattern consistency is a non-dense locally may become large, as shown in drawing 34 (a), as shown in drawing 34 (b), the 
pattern 3311 without dimension fluctuation is obtained and the thing of it can be carried out. 

[0005] However, in the former, it was checked whether most things for which the reticle pattern by which optical proximity effect 
correction was carried out is measured directly were not performed, but the wafer pattern imprinted using the reticle was 
measured, and the amendment pattern given to the reticle pattern is done correctly. This was technique which time amount 
requires for feedback very much. 

[0006] Moreover, apart from an auxiliary pattern, the angle of the pattern formed in the reticle is sometimes round. This is 
produced by the resolution limit of mask drawing equipment etc. When the angle of a reticle pattern is round, the configuration of 
the pattern imprinted so much on the wafer will also deteriorate. Therefore, although it was very important for a reticle pattern to 
be round and to measure condition, the algorithm which measures these did not exist conventionally. 

[0007] Moreover, some patterns sometimes shift in the pattern drawn with the electron-beam-lithography aligner. Although this is 
for the shot location in the case of exposure etc. to shift and was called the bond error, the algorithm to measure did not exist 
conventionally to this. 

[0008] The pattern mentioned above is generalized as a pattern which consists of two or more straight-line fields and a 
connection field which connects a two straight-lines field. That is, in the case of a pattern with an auxiliary pattern, the flat parts of 
the usual circuit pattern section and an auxiliary pattern are straight-line fields, and the level difference section of an auxiliary 
pattern is a connection field. Moreover, in the case of the pattern which has a comer, a corner is a connection field and the part 
linked to a corner is a straight-line field. Moreover, when there is a bond error, the part which has shifted is a connection field and 
the flat part linked to the part which has shifted is a straight-line field. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, the technique of measuring the pattern which consists of two or 
more straight-line fields and a connection field which connects between straight-line fields did not exist. 

[0010] The purpose of this invention is to offer the pattern measuring method which measures the pattern possessing two or more 

straight-line fields, and a pattern measuring device. 

[0011] 

[Means for Solving the Problem] This invention is constituted as follows, in order to attain the above-mentioned purpose. 
[0012] (1) The process from which the pattern measuring method concerning this invention is formed in a sample, and an edge 
acquires the image of the detailed pattern possessing two or more straight-line-like straight-line fields, The process which extracts 
two or more edge points of a detailed pattern from the acquired image, The process which divides two or more extracted edge 
points into two or more groups bordering on one or more dividing points, Said dividing point is characterized by being set up so 
that it may be contained in the group from whom the edge point of each of said straight-line field differs, respectively including 
the process which measures the configuration of said detailed pattern using the edge point in each divided group. 
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[0013] The pattern measuring method concerning this invention is formed in a sample. (2) The 1st straight-line field, The process 
which acquires the image of the detailed pattern which possesses the 2nd almost parallel straight-line field and the connection 
field which connects two straight-line fields to the 1st straight-line field, It is characterized by including the process which 
extracts two or more edge points of a detailed pattern from the acquired image, the process which approximates two or more 
extracted edge points to the model shown with the Boltzmann function, and the process which measures the configuration of said 
detailed pattern using the approximated model. 

[0014] (3) The image acquisition section which acquires the image of the detailed pattern with which the pattern measuring 
device concerning this invention was formed in the sample, The edge point sampling section which extracts two or more edge 
points of a detailed pattern from the image acquired in mis image acquisition section, It is characterized by coming to provide the 
edge point division section which divides two or more extracted edge points into two or more groups bordering on a dividing 
point, and the configuration test section which measures the configuration of a pattern using the edge point included in each group 
divided in this edge point division section. 

[001 5] (4) From the image of the detailed pattern formed in the sample in the computer, using a means to divide a means to 
extract two or more edge points of a detailed pattern, and two or more extracted edge points into two or more groups, bordering 
on a dividing point, and the edge point in each divided group, make the program concerning this invention into a means to 
measure the configuration of said detailed pattern, and operate it. 

[0016] By using this approach, it becomes possible to perform measurement of the auxiliary pattern for amending the optical 
proximity effect formed in the detailed pattern, measurement of the corner of a pattern, and measurement of a bond error from the 
image of the obtained detailed pattern. 
[0017] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to a drawing below. 
[00 1 8] The case where length measurement SEM is used as a measuring device concerning the [1 st operation gestalt] book 
operation gestalt is explained. Moreover, the case of the reticle for which the measuring object is used in the lithography process 
of a semiconductor device is explained. 

[00 1 9] Drawing 1 is drawing showing the outline configuration of the pattern measuring device concerning the 1 st operation 
gestalt of this invention. As shown in drawing 1 , the pattern measuring device is constituted by the scanning electron microscope 
1 which acquires the SEM image of the measuring object, and the image-processing section 2 which processes the acquired 
image and measures a detailed pattern and the host computer 3 which controls these actuation. 

[0020] The scanning electron microscope (SEM) 1 consists of an electron optics system 7 which makes the electron gun 4 which 
emits an electron beam 20, the stage 6 on which a sample 5 is put, and an electron beam 20 irradiate on the sample 5 carried on 
the stage 6, a secondary electron detector 8 which detects the secondary electron from a sample front face, and CRT9 on which it 
is made to synchronize with the scan of an electron beam, and a secondary electron signal is displayed. 

[0021] Moreover, the image-processing section 2 The image acquisition section 21 which acquires the SEM image of the sample 
acquired from the scanning electron microscope 1 , the edge extract section 22 which extracts the edge of a pattern from the 
acquired image, and the extracted edge by a discriminant analysis method etc. It consists of displays 25, as a result of displaying 
the edge division section 23 divided into two or more parts, the configuration test section 24 which measures the configuration of 
a pattern from the information on each divided part, and the measurement result of a configuration on CRT. In addition, you may 
realize by hardware, each part which constitutes the image-processing section 2 is described as a program for making a computer 
perform the function of each part, and you may make it make a computer execute this program. 

[0022] Moreover, the sample 5 used as the measuring object of this operation gestalt is the reticle by which the pattern of Cr film 
or the Mo Si film was formed as a light-shielding film on the quartz- glass plate. 

[0023] Hereafter, explanation of this equipment of operation is given. First, the sample 5 in which the circuit pattern with which 
the auxiliary pattern was given is formed is laid on a stage 6. After it scans an electron beam 20 on a sample 5 arid the rotation of 
a reticle is amended by alignment actuation etc., a stage 6 is moved so that the target auxiliary pattern may come in a visual field, 
and the SEM image of a sample is obtained. 

[0024] The SEM image obtained from the sample is typically shown in drawing 2 . Since secondary-electron-emission 
effectiveness changes with quality of the materials, the light-shielding film (Cr or MoSi) part 1 1 is bright, and the quartz-glass 
part 12 is darker. Moreover, the boundary part 13 of a light-shielding film and a quartz becomes white most brightly according to 
an edge effect. Moreover, although a pattern has a level difference (auxiliary pattern), the boundary is not known on a SEM 
screen. 

[0025] As this SEM image is shown in drawing 2 , the 1st straight-line field 101 corresponding to a circuit pattern, and the 2nd 
straight-line field 102 and level difference field (connection field) 103 corresponding to an auxiliary pattern exist. The 1st 
straight-line field 101 and the 2nd straight-line field 102 are almost parallel, and two straight-line fields 101,102 are connected by 
the level difference field 103. 

[0026] The obtained SEM image is sent to the image acquisition section 21 of the image-processing section 2, and the extract of 
an edge is made from a SEM image in the edge extract section 22. As specifically shown in drawing 3 , the concentration 
distribution curve 14 of the direction which crosses the edge of a pattern is acquired by two or more places. And the position 
coordinate of each edge point extracted while extracting two or more edge points by the threshold method or straight-line 
approximation, curvilinear approximation, etc. is computed to the acquired concentration distribution curve 14. 
[0027] The edge point ensemble 1 5 obtained by drawing 4 by the above-mentioned approach is shown. Thus, the information on 
the acquired edge point is sent to the edge division section 23, and divides the extracted edge point into two or more groups. 
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[0028] In the edge division section 23, the edge point ensemble 1 5 who showed drawing 4 is divided into two parts at a certain 
edge point. For example, as shown in drawing 5 , it divides into two groups of a class 1 and a class 2 bordering on the dividing 
point EPi chosen from each extracted edge point. In this case, each part (it is called a class below) is an ensemble with the 
average of an x-coordinate value different, respectively. Such optimal dividing point is searched for by the following procedures. 
[0029] A number is given to each edge point in order to an EP 1 - EPn position to the edge point ensemble who shows drawing 5 . 

[0030] Next, the edge point EP 1 - the edge point EPn are divided into two groups bordering on the temporary dividing point EPi 
chosen from the ensemble of these edge points. Here, let a class 1 and the edge point EPi+1 - edge point EPn be classes 2 for the 
edge point EP 1 - the edge point EPi. 

[003 1 ] While moving the temporary dividing point EPi one by one from the edge point EP 1 to the edge point EPn, the average of 

the x-coordinate value of the edge point included in each class and distribution are computed, respectively. 

[0032] Drawing 6 is drawing which was called for as mentioned above and in which showing the average of the x-coordinate 

value of the edge point of each class to the temporary dividing point EPi, respectively. When the temporary dividing point EPi is 

the edge point EPm so that drawing 6 may show, it turns out that the difference of the average between a class 1 and 2 is the 

largest. 

[0033] Moreover, drawing 7 is the distribution in a class 1 and 2 for which it asked as mentioned above, and drawing showing 
those sums Vt. As shown in drawing 7 , it turns out that the sum of distribution in each class is the smallest in a class 1 and the 
edge point EPm that the difference of the average value between two becomes the largest. In locations other than the edge point 
EPm, since the data of the population which is different in a class are lost, distribution becomes large. 

[0034] Moreover, it is drawing which plotted F for which drawing 8 is asked by (difference of the average of classes 1 and 2)/(a 
class 1, sum of distribution of two). Too, F becomes max when the edge point EPm is set as the temporary dividing point EPi. 
[0035] Then, the edge point that max and Vt fulfill min and F fulfills [ the difference of an average value ] one of the greatest 
conditions is a true dividing point. In the case of this operation gestalt, this edge point EPm is a true dividing point. 
[0036] In addition, when rotation is on the target pattern, a class 1 and a class 2 are approximated to a linear function (model) 
with the respectively same inclination. And the distance of each edge point and a linear function is found, and the sum of distance 
asks for the location of the edge point that the difference of the intercept of min and the approximation function of each class 
becomes max, and makes the edge point EPm searched for a true dividing point. 

[0037] The edge point included to each straight-line field 101,102 comes to be included in a class different, respectively using the 
dividing point EPm searched for by the above approach by dividing the edge point EP 1 - the edge point EPn into two classes. 
[0038] The information on the dividing point EPm searched for by the above-mentioned approach is sent to the configuration test 
section 24. The configuration test section 24 asks for the magnitude of a level difference from the difference of the average of the 
x-coordinate value of a class 1 and a class 2. 

[0039] Thus, magnitude of a level difference, positional information of a dividing point, etc. which were computed are recorded 
for example, on a measurement result file. Moreover, the information window 1 8, an edge point, etc. which show the straight lines 
16a and 16b and the dividing point EPm which show the average of each class, the average of each class, and the magnitude of a 
level difference are displayed in piles on the SEM image currently displayed on CRT as shown in drawing 9 . 
[0040] As more than explained, by setting up a dividing point, the ensemble of the edge point concerning a circuit pattern and the 
ensemble of the edge point concerning an auxiliary pattern can be divided into a class different, respectively, and it becomes 
possible from the ensemble of the edge point concerning an auxiliary pattern to measure the auxiliary pattern in a pattern so that 
the ensemble of the edge point concerning two straight-line fields may be divided into a class different, respectively. 
[0041] In addition, what is necessary is just to find the distance of straight lines used as the model which approximates two 
straight-line fields 101,102 shown in drawing 2 with the above-mentioned operation gestalt, although the average value of the 
x-coordinate value of an edge point was calculated in each group divided using the temporary dividing point EPi. 
[0042] (2nd operation gestalt) By technique given in the 1 st operation gestalt, the data of the part of the level difference in an 
auxiliary pattern are not taken into consideration. Therefore, the data of the part of a level difference will be contained in the data 
of the average value of each class, and a twist also actually has the problem that the magnitude of a level difference is computed 
small. This problem is the following, and can be made and avoided. 

[0043] This operation gestalt explains the case where the reticle in which the same pattern as the 1 st operation gestalt was formed 
is measured. Two or more edge points of the target pattern as well as the 1st operation gestalt are acquired, and the ensemble of 
the acquired edge point is divided into two classes. The obtained edge point ensemble 1 5 is as being shown in drawing 10 . How 
to divide the ensemble of an edge point into a level difference part and the other flat part is explained using this drawing 10 
below. 

[0044] First, like the 1 st operation gestalt, a number is assigned to each edge point in order from EPI to an EPn position, and the 
edge point EP 1 - the edge point EPn are divided into two classes bordering on the dividing point EPm (n>m> 1). Then, the edge 
point EP 1 - the edge point EPm are divided into further 2 classes bordering on the dividing point EPnl . 
[0045] first, the temporary dividing point EPntl of dividing the edge point EP 1 - the edge point EPm is moved in order to the 
edge point EP 1 - the edge point EPm — making - edge point EPI - it divides into two classes of a class including the temporary 
dividing point EPntl , and a class including the edge point EPnt 1+1 - the edge point EPm. 

[0046] When the edge point EP 1 - the edge point EPm are divided at the set-up temporary dividing point EPntl, the edge point 
ensemble contained in each group is made to approximate to the straight lines (linear function) 1 9a and 1 9b from which an 
inclination differs, respectively, respectively. 
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[0047] In each group, the distance of each edge point and the approximated straight line is found, respectively, and the sum of the 
found distance is calculated. It is the true dividing point EPnl which the temporary edge point EPntl which adds the sum of the 
distance calculated into each group, and becomes the smallest about the dividing point EPntl of each ** searches for. Even if it 
attaches by the edge point EPm+1 - edge point EPn, the dividing point EPn2 is similarly searched for from the straight lines 1 9c 
and 1 9d which approximate an edge point, and a class 2 is divided into two more classes. 

[0048] In addition, the value of the dividing points EPnl and EPn2 carries out sequential migration to the edge point EP 1 - the 
edge point EPn at coincidence, and you may make it search for the combination of the optimal dividing points EPnl and EPn2. 
However, computation time amount cuts in abbreviation n2 batch in this case. 

[0049] On the other hand, like this operation gestalt, the ensemble of an edge point is divided into two classes, and beforehand, by 
the technique of dividing each divided class into further 2 classes again, in order that computation time amount may end by the 
abbreviation 2xn batch, it becomes possible to shorten the measuring time. 

[0050] Thus, in a level difference test section, the magnitude of the level difference of a pattern is measured based on the result of 
the dividing points EPnl and EPn2 searched for. That is, it is possible by computing a difference with the location of the average 
value of the x-coordinate of the edge point EP 1 - the dividing point EPnl, and the average value of the x-coordinate of the 
dividing point EPn2 - the edge point EPn to measure the magnitude of a level difference. 

[005 1 ] The computed data pile up and output the image with which information was displayed in the information window 1 8 
which shows the straight lines 16a and 16b and the dividing points EPnl and EPn2 which show the average of each class in the 
SEM image on CRT, the average of each class, and the magnitude of a level difference, as it records on a measurement result file 
like the 1 st operation gestalt and is shown in drawing 1 1 . 

[0052] Thus, the reticle made that judgment done as the design with the computed magnitude of a level difference. Moreover, it is 
also possible to use this technique for measurement of the bond location of the shot in the case of an electron beam lithography 
etc., for example. 

[0053] As explained above, from each class divided with the 1st operation gestalt, a level difference part can be separated and an 
auxiliary pattern can be measured more correctly. 

[0054] Or it is possible to divide the ensemble of an edge point into a level difference part and the other flat part also by the 
following technique at two or more classes. 

[0055] for example, the temporary dividing point EPi - from the edge point EP 1 up to the edge point EPm - sequential 
migration -- carrying out — edge point EPI - sequential count of the distribution (when rotation has started, it is the sum of squares 
of the distance from an approximation straight line) of the x-coordinate value of the temporary dividing point EPi is carried out. 
Drawing 12 is drawing showing an example of the count result of distribution. As shown in drawing, 12 , when the temporary 
dividing point EPi is the edge point EPnl, it turns out that the value of distribution is increasing suddenly. 
[0056] The value of distribution increases suddenly, because the data of a level difference part were lost. If this distribution 
presupposes that chi 2 -distribution is followed and a true dividing point is chosen from the temporary dividing point EPi from 
which the value of distribution separates from the confidence interval based on chi 2-distribution there, it is also possible to 
search for the optimal dividing point. The temporary dividing point EPi is similarly moved one by one from the edge point EPn to 
edge point EPm+1 about the field of the edge point EPm+1 - edge point EPn. The temporary dividing point EPi from which it 
separates from the confidence interval when it asks for distribution (or sum of squares of the distance from an approximation 
straight line) of the x-coordinate value of the edge point EPn to the temporary dividing point EPi at, and distribution is called for 
from chi 2-distribution is computed, and the computed temporary dividing point is made into the true dividing point EPn2. After 
that, it asks for the magnitude of a level difference similarly from the difference of the x-coordinate value of the dividing points 
EPnl and EPn2, and records on a measurement result file, and a measurement result is displayed on the SEM image on CRT in 
piles. 

[0057] Moreover, it is possible to measure the magnitude of a level difference part correctly also by the following approaches. 
That is, the acquired edge point EP 1 - the edge point EPn are approximated with the Boltzmann function expressed with the 
following formulas. 
[0058] 
[Equation 1] 

• : : : ;o: : ai: -:-A2v: :-: : :-:- - v-: 

[0059] Approximation will become easier if the value of the x-coordinate called for here from the dividing point EPm at the time 
of dividing into the value of xO at two classes is assigned. Drawing 13 is drawing showing the result of having approximated the 
Boltzmann curve 31 into the edge point ensemble 15. 

[0060] After that, similarly, from the value of Al and A2 of an approximate expression, it asks for the magnitude of a level 
difference and outputs to a measurement result file. Moreover, the information window 18 which shows an approximation curve, 
the edge point ensemble 15, and the measurement result of a level difference to the SEM image on CRT is displayed in piles. 
[0061] (3rd operation gestalt) In this operation gestalt, the case where a pattern as shown in drawing 14 is measured is explained. 
That is, measurement of a pattern with two level difference parts 103,104 which connect between the 1st straight-line field 101, 
the 2nd straight-line field 102 and the 2nd straight-line field 102, and the 3rd straight-line field 105 in this operation gestalt to the 
number of level difference parts having been one in the 1 st operation gestalt, respectively is explained. With this operation gestalt, 
a pattern with two level difference parts is divided into five parts in all of three flat straight-line fields 101,102,105 and two level 
difference parts 103,104 by the following technique. 
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[0062] First, the reticle by which the target pattern was formed in SEM equipment 1 is carried in like the 1 st operation gestalt, 
and the SEM image of the target pattern is acquired. The SEM image of the pattern acquired to drawing 14 is shown. Although 
the auxiliary pattern is given to the pattern as shown in drawing 14 , on a SEM image, the boundary of an auxiliary pattern and a 
pattern from the first is not known. Next, two or more edge points are acquired from a pattern like the 1 st operation gestalt. 
[0063] As shown in drawing 15 , after giving a number in order from EP 1 to EPn to the ensemble of the acquired edge point, this 
is divided into five parts using the approach shown in the operation gestalt of the 1 st and 2. The dividing point is set to EPnl , 
EPn2, EPn3, and EPn4, respectively. The edge point EP 1 equivalent to a flat part - the edge point EPnl , the edge point EPn2 - 
the edge point EPn3, the edge point EPn4 - the edge point EPn are approximated to the straight line 191,193,195 with the 
respectively same inclination, and approximate the edge point EPnl equivalent to a level difference part - the edge point EPn2, 
the edge point EPn3 - the edge point EPn4 to the straight line 1 92,1 94 with a different inclination from it, respectively. 
[0064] The remainder from each straight lines 191-195 to an edge point is the smallest, and determines the dividing points EPnl, 
EPn2, EPn3, and EPn4 that the difference of the intercept of the straight line 191,195 which approximates the edge point EP 1 - 
the edge point EPnl, the edge point EPn4 - the edge point EPn, and the intercept of the straight line 193 which approximates the 
edge point EPn2 - the edge point EPn3 will become the largest. 

[0065] The simplest method of determining the dividing points EPnl, EPn2, EPn3, and EPn4 In accordance with 
above-mentioned criteria, the temporary dividing points EPntl, EPnt2, EPnt3, and EPnt4 are moved to coincidence, respectively 
to the edge point EP 1 - the edge point edge point EPn. Although it is calculating the remainder and the intercept of each class 
which were divided and searching for the optimal dividing points EPnl , EPn2, EPn3, and EPn4, the computation of abbreviation 
n4 batch is required for this, and it takes time amount very much. 

[0066] Then, dynamic programming etc. is used in order to lessen processing of count. For example, in case apply a knapsack 
problem etc., it is beforehand made the table about the count which overlaps in the above-mentioned processing, it saves in 
memory etc. and the same count is performed again, you may make it refer to this table. 

[0067] Moreover, if the line shown with the alternate long and short dash line for example, in drawing 15 divides into two, each 
can divide this pattern into the ensemble of two edge points with one level difference part, for example. Then, by the technique 
shown in the 1 st operation gestalt or the 2nd operation gestalt to each, if it can divide into a flat part and the part of a level 
difference, since computation time amount ends with 2xn batch extent, it will become possible [ measuring by very short time 
amount]. 

[0068] Thus, it can ask for the height of an auxiliary pattern part, width of face, area, a center-of-gravity location, etc. according to 
the dividing points EPnl, EPn2, EPn3, and EPn4 searched for. 

[0069] The straight line which approximated the edge point EP 1 - the dividing point EPnl , the dividing point EPn4 - the edge 
point EPn, respectively from the distance between the dividing point EPnl and the dividing point EPn4 at least the width of face 
of an auxiliary pattern Namely, either, It asks for area and a center-of-gravity location from the square surrounded in the height of 
an auxiliary pattern at the top-most vertices of the dividing points EPnl, EPn2, EPn3, and EPn4 from distance with the straight 
line which approximated the dividing point EPn2 - the dividing point EPn3. Or you may ask for the area and the center-of-gravity 
location of a part which are surrounded in the straight line which approximated the dividing point EPnl - the dividing point EPn4, 
the dividing point EPn4 - the edge point EPn. 

[0070] As explained above, even if there are two level differences in the obtained image, the ensemble of the edge point 
concerning an auxiliary pattern can be extracted, and an auxiliary pattern can be measured correctly. 

[0071] In addition, unlike the approach mentioned above, like the 2nd operation gestalt, it divides into two classes bordering on 
the middle of the edge point EP 1 - the edge point EPn, and the ensemble of the edge point of each class is approximated with the 
Boltzmann function (several 1), and you may ask for the magnitude of an auxiliary pattern from the location of Al and A2 of the 
approximated function (y-coordinate). The function obtained by approximating each edge point of classes 1 and 2 with the 
Boltzmann function, respectively is shown in drawing; 16 . 

[0072] Moreover, the Boltzmann curve can consist of a linear part and a linear curvilinear part mostly, can ask for the point of 
inflection P and Q which changes to a curvilinear part from a straight-line part in each class, and can ask for the width of face of 
an auxiliary pattern from the distance of two points P and Q. Furthermore, from point of inflection P before point of inflection Q is 
integrated with edge sequence of points, and the area of an auxiliary pattern is called for. Moreover, you may ask for the 
inclination of the standup part of a level difference from the value of dx of the Boltzmann curve. Configuration data, such as area 
of these auxiliary patterns and a center of gravity, are recorded as a measurement result. 

[0073] From the configuration data of the obtained auxiliary pattern, it can check whether the pattern is done as the design. For 
example, although width of face and height do not have a design pattern and a complementary Rika rate when the standup part of 
a level difference is gently-sloping, area becomes smaller than a design pattern. Therefore, when it imprints to a wafer using this 
reticle, it turns out that the pattern formed on a wafer may not be made as a desired pattern. Therefore, the case where the standup 
configuration of a level difference differs from a design pattern can be distinguished by asking for area as configuration data of an 
auxiliary pattern by the above-mentioned technique. 

[0074] Moreover, it is also possible to evaluate a reticle manufacture process based on the configuration data of the obtained 
auxiliary pattern. For example, if the value of dx of the Boltzmann function (several 1) mentioned above is used, a reticle 
manufacture process can be evaluated. Since the standup part of a level difference is so steep that dx is close to 1 , if dx adopts the 
process more near 1 , it will become possible to create a faithful reticle pattern with a design pattern. 

[0075] Moreover, the precision of simulation can also be raised more by feeding back the configuration data of an actual reticle to 
the direction of lithography simulation. Therefore, the precision of a design of a reticle, especially the precision of amendment of 
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the proximity effect improve. 

[0076] Thus, each parameter of the called-for auxiliary pattern is outputted to a measurement result file. Moreover, it is displayed 
on the SEM image on CRT in piles. That is, the auxiliary pattern 32 surrounded at an edge point, the dividing point 17, and each 
dividing point as shown in drawi ng 17 , the approximation straight line 1 9, the magnitude 1 8 of a level difference, etc. are 
displayed on the pattern in a SEM image in piles. 

[0077] (4th operation gestalt) The case where a pattern as shown in drawing 18 in this operation gestalt is measured is explained. 
The angle is round although the pattern shown in drawing 1 S is a pattern near a square. That is, this pattern possesses the two 
straight-lines field which intersect perpendicularly mostly, and the connection field (angle) which connects a two straight-lines 
field. 

[0078] It is the following, and the radius (it is called a corner R below) when an angle being round and approximating the part of 
condition, i.e., an angle, to a circle is made and computed. The more a corner R is large, an angle will be round and, the more 
condition will be large. 

[0079] The reticle in which the pattern as shown in drawing 18 is formed is carried in in SEM, and the SEM image of the target 
pattern is acquired like the 1st operation gestalt. Next, the position coordinate of an edge point is searched for like the 1st 
operation gestalt. Under the present circumstances, the position coordinate of the edge point of the whole square may be searched 
for, as shown in drawing 1 9 , the angle of the part which wants to measure an operating personnel is chosen, and ROI33 is 
opened, and you may make it compute only the edge information in ROI (Region of Interest). 

[0080] For example, the ensemble of the edge point of a square angle was shown in drawin g 20 . On the other hand, a corner R is 
computed by the following approaches. Each acquired edge point is numbered in order to EP1 -EPn. The ensemble of this edge 
point is divided into three classes. The dividing point in that case is set to EPnl and EPn2. That is, 35 (that is, the range of an 
include angle 90 degrees), the edge point EPn2 - the edge point EPn of 1/4 yen are approximated [ the edge point EP 1 - the edge 
point EPnl ] for the straight line 34 level to a x axis, the edge point EPnl - the edge point EPn2 to the straight line 36 
perpendicular to a x axis, respectively. 

[008 1 ] The dividing points EPnl and EPn2 move the temporary dividing points EPnt 1 and EPnt2 from the edge point EP 1 to the 
edge point EPn, respectively, compute the remainder from the model in each class, and it is chosen from the temporary dividing 
points EPntl and EPnt2 that the sum of the remainder becomes the smallest, and they search for it. Under the present 
circumstances, if the circle gives the limit of 1/4 yen which surely passes along EPnl and EPn2, the radius and the main 
coordinate of a circle can be found automatically. Thus, the radius of the obtained circle, the main coordinate of a circle, etc. are 
recorded on a measurement result file. 

[0082] Moreover, as shown in drawing 21 , the core 38 grade of a circle 35 and a circle 35 based on the information window 37 
which shows the dividing points EPnl and EPn2 and the computed radius to the SEM image on CRT, and the approximated 
circle is displayed in piles. In addition, there may not be the need that what is computed is not necessarily a radius, and a diameter 
etc. is sufficient as it. 

[0083] Moreover, as shown in drawing 22 (a), you may ask for the area of the straight line 34 which approximated the edge point 
EP 1 - the dividing point EPnl, the straight line 36 which approximated the dividing point EPn2 - the edge point EPn, and the 
field surrounded by the edge sequence of points of the dividing point EPnl - the dividing point EPn2. Or the intersection of the 
straight line 34 which approximated the edge point EP 1 - the dividing point EPnl as shown in drawing 22 (b), and the straight 
line 36 which approximated the dividing point EPn2 - the edge point EPn, This intersection may be made into the starting point 
and distance with the intersection of the straight line and the ensemble of the edge point of the dividing point EPnl - the dividing 
point EPn2 who have the inclination of 45 degrees to the straight line which approximated the edge point EP 1 - the dividing 
point EPnl may be found. The configuration data called for above are recorded on a measurement result file. 
[0084] Thus, the result of a reticle can be checked from the radius of the circle for the called-for corner. Moreover, it is also 
possible to evaluate a reticle manufacture process. Namely, what is necessary is just to adopt a process which is small. Then, a 
faithful reticle pattern can be formed with a design pattern. Moreover, by angles, such as a radius and area, being round and 
incorporating condition for lithography simulation, since the precision of simulation improves more, the precision of a reticle 
pattern design improves more. 

[0085] (5th operation gestalt) In this operation gestalt, the case where a pattern as shown in drawing 23 is measured is explained. 
By the pattern of drawing 23 , the auxiliary pattern 2302 is given at the tip of the Rhine pattern 2301 . Generally such an auxiliary 
pattern is called a hammer head pattern. This pattern can be measured by combining an above-mentioned approach. 
[0086] Drawing 24 shows the ensemble of the edge point on the right-hand side of the hammer head pattern obtained by the same 
technique as the 1st operation gestalt. As shown in drawing 24 , the ensemble of the edge point of a hammer head pattern can 
divide into five parts using the dividing points EPnl, EPn2, EPn3, and EPn4. among these, the dividing points EPnl and EPn2 
like the technique of a publication in the 4th operation gestalt The circle 535 which approximates straight-line 519a which 
approximates the edge point EP 1 - the dividing point EPnl , the dividing point EPnl - the dividing point EPn2 is used. 
Computing is possible. The dividing points EPn3 and EPn4 Like the technique indicated in the 1st or 2nd operation gestalt It is 
possible to compute using 519d of straight lines which approximate straight-line 519b which approximates the dividing point 
EPn2 - the dividing point EPn3, straight-line 5 1 9c which approximates the dividing point EPn3 - the dividing point EPn4, the 
dividing point EPn4 - the edge point EPn. 

[0087] From the acquired dividing point, a corner part is round and the width of face of condition and an auxiliary pattern, height, 
and area are computed. What is necessary is for a corner part to be round, and just to search for condition from the radius of the 
circle 535 which passes along the dividing point EPnl, as shown in drawing 25 . The height of an auxiliary pattern should just ask 
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from 51 9d [ of straight lines which approximated straight-line 51 9b to which width of face approximated the dividing point EPn2 
- the dividing point EPn3 from the distance of the dividing point EPnl and the dividing point EPn4, and the dividing point EPn4 - 
the edge point EPn ] distance. Moreover, area should just compute the area of the part surrounded with the ensemble of an edge 
point in 5 1 9d of straight lines which approximated the dividing point EPn4 - the edge point EPn, as shown in drawing 26 . these 
profit **** configuration data are outputted to a measurement result file. 

[0088] From the configuration data of the obtained auxiliary pattern, it can judge whether the pattern formed in the reticle is 
formed as the design pattern. Moreover, it is also possible to evaluate a reticle manufacture process based on the obtained 
configuration data. Moreover, the precision of simulation can be raised more by feeding back the configuration data of an actual 
reticle to lithography simulation. Therefore, the precision of a design of a reticle, especially the precision of proximity effect 
correction improve. 

[0089] moreover, the auxiliary pattern space 532 extracted from the dividing points EPnl-EPn4 which were shown in drawing 27 
, and which were computed like by the SEM image on CRT, and a dividing point, an edge point ensemble, and an approximation 
straight line 519 ~ the measurement result viewing window 5 1 8 which displays a-519 d of the area S of the circle 535 based on 
the computed radius and the core and an auxiliary pattern, width of face W, height h, and the computed radii r of a corner R 
displays in piles. 

[0090] Or it is possible to also measure a pattern as shown in drawing 28 combining the technique of a publication in the 1 -4th 
operation gestalten. By the pattern of drawing, the auxiliary pattern 2602 is given to the angle of the square pattern 2601, and, 
generally it is called a words pattern. 

[0091] Drawing 2 9 shows the ensemble of the edge point of the upper right corner of the pattern obtained like the 1st operation 
gestalt. As shown in drawing 29 , the ensemble of these edge points is divided into seven parts by the dividing points EPnl , 
EPn2, EPn3, EPn4, EPn5, and EPn6. Among these, it is possible to compute the dividing points EPnl, EPn2, EPn4, and EPn6 by 
the approach given in the 1st or 2nd operation gestalt, and to compute the dividing points EPn3 and EPn5 by the approach of a 
publication in the 4th operation gestalt. 

[0092] From the acquired dividing point, a corner part is round and the width of face of condition and an auxiliary pattern, height, 
and area are computed, a corner part — being round — what is necessary is just to search for a radius from the dividing points 
EPn3 and EPn4 

[0093] What is necessary is just to compute the height hi of the lengthwise direction of a level difference from the distance of the 
straight line expressed with the formula (primary function) which approximates the edge point EP 1 - the dividing point EPnl , 
and the straight line expressed with the formula (linear function) which approximates the dividing point EPn2 - the dividing point 
EPn3, as shown in drawing 30 . moreover, the straight line to which the height h2 of the longitudinal direction of a level 
difference is expressed with the straight line expressed with the formula (primary function) which approximates the dividing point 
EPn4 - the dividing point EPn5 as shown in drawing 30 , and the formula (primary function) which approximates the dividing 
point EPn6 - the edge point EPn ** -- what is necessary is just to use distance 

[0094] Moreover, as shown in drawing 3 1 , the area of the part surrounded in the ensemble of an edge point, the straight line 
which approximated the dividing point EPn6 - the edge point EPn, and the straight line which approximated the edge point EP 1 - 
the dividing point EPnl should just be used for area. The configuration data of these obtained level differences are written in a 
measurement result file. 

[0095] From the configuration data of the obtained auxiliary pattern, it can judge whether the pattern formed in the reticle is 
formed as the design pattern. Moreover, it is also possible to evaluate a reticle manufacture process based on the obtained 
configuration data. By feeding back the configuration data of an actual reticle to the direction of lithography simulation, the 
precision of simulation can also be raised more and the precision of a design of a reticle, especially the precision of proximity 
effect correction improve. 

[0096] Moreover, as shown in drawing 32 , the dividing points nl-n6 computed on the SEM image on CRT, the extracted pattern 
632, its center-of- gravity location 639, the measurement result viewing window 618, etc. are overwritten and displayed, in 
addition - the measurement result viewing window 618 - the area S of an auxiliary pattern, width of face wl and w2, and height 
hi and h2 - and - and the radius r of a corner R is displayed. In addition, width of face wl and height hi are the differences of 
the x axis of the dividing point nl and the dividing point n2, and the direction of the y-axis, respectively, and width of face w2 and 
height h2 are the y-axis of the dividing point nl and the dividing point n2, and the difference of the direction of a x axis, 
respectively. 

[0097] In addition, this invention is not limited to the above-mentioned operation gestalt. For example, although SEM was used 
as an example of the equipment at the time of acquiring an image in the 1 -5th operation gestalten, if the image of a detailed 
pattern is acquirable, the equipment of an optical microscope and others may be used. Moreover, although the case where the 
detailed pattern formed on the reticle was measured was explained, the technique of this invention can also be used for 
configuration measurement of the detailed pattern on a wafer etc. Moreover, although the pattern which has a level difference as a 
pattern, the words pattern, and the hammer head pattern were explained, you may measure at this invention using the technique of 
a publication to other patterns. Moreover, although the example of a display of a measurement result into an operation gestalt was 
shown, the thing except having indicated in this operation gestalt may be displayed. Moreover, although two straight-line fields 
explained mostly concurrency or the case of being almost perpendicular, this invention can be applied also when one straight line 
leans aslant to the straight line of another side. In addition, this invention is the range which does not deviate from the summary, 
and it deforms variously and it can be carried out. 
[0098] 
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[Effect of the Invention] It becomes possible to measure the configuration of a pattern by extracting the edge point of the image of 
a pattern to a pattern of providing two or more straight-line fields according to this invention as explained above, dividing into 
two or more groups the edge point extracted using the dividing point chosen so that it might be contained in the group from whom 
each straight-line field differs, and using the edge point or the dividing point in each group. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** 3^0^ me won j which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

1 Drawing 1 j Drawing showing the outline configuration of the pattern measuring device concerning the 1st operation gestalt. 
[Drawing 2 j Drawing showing the outline of the SEM image containing the circuit pattern obtained from the sample, and an 
auxiliary pattern. 

[Drawing 3] Drawing for explaining the direction which acquires a concentration distribution curve from the SEM image shown 
in drawing 2 . 

[Drawing 4] Drawing showing the edge point of the pattern extracted from the SEM image shown in drawing 2 . 

[ Drawing 5 j Drawing showing the condition of having divided the ensemble of the extracted edge point which is shown in 

drawing 4 into two classes bordering on the dividing point. 

[Drawing 61 Drawing showing the average of the x-coordinate value of the edge point of each class to an edge point. 
[Drawing 7} Distribution in a class 1 and 2, and drawing showing those sums Vt. 

1 Drawing 81 Drawing showing F asked also for/(a class 1, sum of distribution of two) to each edge point (difference of the 
average of classes 1 and 2). 

[Drawing 91 Drawing showing the image on top of which the measurement result of the pattern concerning the 1 st operation 
gestalt and the SEM image shown in drawing 2 were laid. 

[Drawing 10] Drawing used for explanation of the division approach of the edge point concerning the 2nd operation gestalt. 
[Drawing 11] Drawing showing the image on top of which the measurement result of the pattern concerning the 2nd operation 
gestalt and the SEM image shown in drawing 2 were laid. 

[Drawing ] 2] Drawing showing the value of distribution over the temporary dividing point EPi. 

[Drawing 13] Drawing showing the Boltzmann function which approximates an edge point and an edge point. 

I Drawing 14] Drawing showing the outline of the SEM image obtained from the pattern concerning the 3rd operation gestalt. 

[Drawing 15] Drawing used for explanation of the division approach of the edge point concerning the 3rd operation gestalt. 

[Drawing 16] Drawing showing the Boltzmann function which approximates the edge point extracted from the SEM image 

concerning the 3rd operation gestalt shown in drawing 1 4 , and an edge point. 

[Drawing 17 ] Drawing showing the image on top of which the measurement result of the pattern concerning the 3rd operation 
gestalt and the SEM image shown in drawing 14 were laid. 

[Drawing 1 8] Drawing showing the outline of the SEM image obtained from the pattern concerning the 4th operation gestalt. 
[Drawing 1 9] Drawing showing ROI set up from the SEM image shown in drawing 18 . 

[ Drawing 20] Drawing for the division approach of the edge point extracted from the SEM image shown in drawing 18 and the 
extracted edge point to explain. 

[Drawing 21] Drawing showing the image on top of which the measurement result of the pattern concerning the 4th operation 
gestalt and the SEM image shown in drawing 1 8 were laid. 

[Drawing 22] Drawing for explaining the measurement of the pattern using the extracted dividing point concerning the 4th 
operation gestalt. 

[Drawing 23] Drawing showing the outline of the SEM image obtained from the pattern concerning the 5th operation gestalt. 
[Drawing 24] Drawing for the division approach of the edge point extracted from the SEM image shown in drawing 23 and the 
extracted edge point to explain. 

] Drawing 25 1 Drawing for explaining the measurement of the pattern using the extracted dividing point concerning the 5th 
operation gestalt. 

[Drawing 26] Drawing for explaining the measurement of the pattern using the extracted dividing point concerning the 5th 
operation gestalt. 

[Drawing 27] Drawing showing the image on top of which the measurement result of the pattern concerning the 5th operation 
gestalt and the SEM image shown in drawing 23 were laid. 

[Drawing 28] Drawing showing the outline of the SEM image obtained from the pattern concerning the 5th operation gestalt. 
[Drawing 29] Drawing for the division approach of the edge point extracted from the SEM image shown in drawing 28 and the 
extracted edge point to explain. 

] Drawing 30] Drawing for explaining the measurement of the pattern using the extracted dividing point concerning the 5th 
operation gestalt. 

[Drawing 31] Drawing for explaining the measurement of the pattern using the extracted dividing point concerning the 5th 
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operation gestalt 

[Drawing 32 ] Drawing showing the image on top of which the measurement result of the pattern concerning the 5th operation 
gestalt and the SEM image shown in drawing 28 were laid. 

■ [Drawing 331 Drawing showing the reticle in which the auxiliary pattern in consideration of the proximity effect is not formed, 
and the pattern formed using this reticle. 

[ Drawing 34] Drawing showing the reticle in which the auxiliary pattern in consideration of the proximity effect was formed, and 
the pattern formed using this reticle. 
[Description of Notations] 

1 « SEM equipment 

2 - Image-processing section 

3 — Host computer 

4 Electron gun 

5 - Sample . 

6 -- Stage 

7 — Electron optics system 

8 - Secondary electron detector 

9 - CRT 
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fttt3nfcx?*>a&* »ajgnfcx-/s^A^ i k± [18*56 ] B9ia(a«B^»->i*, w 1 <oi«a««i * 

^•^-xD^^^r-sx-fsi^s^, &i:^>^ rata 

m>^$ - >«ffi*fto [B*f 9 ] kmku&ss ati i (omsmt m i 

[ig*jp4 ] & \o>m.m^^2<ommmt^m <»&mmu:tti,xttm\ivn2<D&m$Km. 
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(33 ^2 002-2 96 76 1 

[ig*3ii i ] B®^f4v*u*^^c^+h msftM'f [oo(>4] corf^^?r^e*«<Li,r, 

* — JfittSSljR«gjE4:ff 5 fc*CH^>l*Sl-»< ^ — ^ »ttEttffi (OPC «*tical Proximir/ Correction) 

WjVb^frh, Sfa»rt>f*->«"$"fry*-7™* X^^^^^t 1 ^^, @3 4 ( a > tern 

ttttlStlfc if fc — yiDJ- i ^££**0fcil«£. iJiE- Ob? ^W6^* < ^ 3 3 0 

r*M^-^-><DH«i*aiar^r*amiSK*S« 3*ft^-r&* % C\ 03 4 (D) cc^TJ:Occ. ^rag 

' [0:0 0 5 l.iC^TO^H^il *ifi«»**SiE .. 

[is*? 1 2 j Bffi»w^>->i* -^*ea»w $nfcu*^^^-->^*[tHMsr^ciJ*«^i- 

tf> [0006] ifejfc *^^-><!:^^JtC, 

^fo*tS*rM l J^stt***»**^^.««L,rft& ^*JSiaa©B«lia»Ja:4fcc:j:-7t:*LV4 0 

c<L^^m<tT^5t*^ i o Kfij8©;<* - /<* - ><&ft#ft.j£ t:^* i -t-ntttf $ * ^±Kis¥ 

[ 1 3 1 ^ > e » - * & ; * j? *!> $ - £ »3 ^a^^j^T * c £ 

. : i ^'rt^.x i;t , . a« iei*^ ;, n.^jfew;^^ j- f£®fr tmtxi>tc^^u s 

[%a»«?l [0 00 8] ±«l/fc, A*->ii. $&0>if&^ 

[ o 0 0 1] i'. 2*^«»««*m(sr*^fit«iA»8w«£$n 

[ooo2] 40 ^<i^0; *wm»mv*>*). nmcmrzm 

JK)***^^-/ I o 009] 

[0 003] l^^tii 033 (a) KSt J:^ic. (^it^i^i. lS«M*SJ«**»"r^»^««t3»-6# 

->33 o i i^*->3 3 o 2 ^a^u*^^'^— ^< * - ^•^ate'r tkfe^-? ftio. 

>t ^ ^j-^i^-r^^ S3 3 < b > cc^-rs^v [ o o i o j '4^<z%ii»««%:AAr 
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[W8i*«?^r-sfe«>([>*iaj ^»->iwei*iH©isii»«*ftrB'CA& 0 sues 

[0012] ( 1 ) *ftW«cff*>6^^ fcftfW &*£SS8-?«SS* 1 & SffdnfcHW*^ 

«ltH8hfct6«©x^^ft. HsLho»«bS4 1 0 02 0 ) SaatSTMWE ( S EM) 1 tt. «*tr 

»#K:lsaa>y^-7tc»|ijt*isi. atistifcs^ -^o^MiraffHiU, i^^s&wtf**^ 

[00 13] <2> *»Wecff*>6^*->jBE*4 JrDlllrtSJm*. 

*9«#^*XS&, Btf#3ft&E««fc9^'<:*-><& fflT*x*«>»ai»2 2. &£3ttA:x 

x * i>£**8MAffi* £X*I4 , «W3ftfc«»©x * jfe£c 4'ccj: 0 »JS<o«^#>*r * ^»sW2 0 , 

tt£fflS?&Xfi4££tte4£$J»M'&o ^^*ls.m*^fiB2 5<fc9«te4Sti , Cl^ 0 £4$, ll 

[0014] ( 3 ) *«WU:ffi*>6^>->ailSEllB «t&fi3S2 4r«i5»a&S(«, ^ F^xrrKSl/T 

4. i*tB*nfci«»©x -? i^t, #*l=*«k»*<*> [0022] *&, *^td»s^>ai& , *J*4tt* : tf->^ 

aa-csiisnfcfiy^-^rt^sn&x * i^ta o s i m<o>t*->& j &f&2ntci<>? t&xhh. 
^x^s -><ow(^mt^m^M^t^mox 30 [0023] «t, *ssK«>»ffsftw*fT^o «s 

[00 15] <4> 2> ^>^54. *r-^6±tc|8gT*o «^t^-A2 

srr&#s> ^«*n&syju-^«>xy^jj[«:ffi^ r *>^cD$EMiif*^f&o 

Waa^^-V^Ktt^flW**^ 4Uf& [0 02 4] ^^^^SSnfeSEMBHR^teCW 

jfeStf*. & @2CC^T. t«««to2;xa : t L »iaa*^Rfe* 

[0 0 16] ##*&«i>*C4Ul<fc9, fS6>tifcfft« J£#fl8 (CrW^MoS • ) 

^ 6 > n?c*ja» 40 <. ES#7^i*<>i2ttJ:0Bi<«t->rc>6» *fe t 

S**'?!^ a*BH45. : S4«>*S»tt» 1 3 t*i ? Disk 

[^(o.^feoc^is] -^m^^mmrmm [0025] c^sembi^** m&^£$& e 

*»IBi'T:MWT* 0 t§^<>->K:«litr*S 1 cwMm* 1 0 1 4. 

[0018] (91 Steffi) ■*^fe»»ccfl%fc*»« ^->cc^fST^^20>i:^iI^ 1 0 2Rtftt«g« 

Afc. SJ^M^^^^'Jv^y^Xfiimc^ i<t*2<D*«««i0 2i«, »«wr-A0 KM 
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:•• • .1*^2 0 0 S -2 9 6 7 6 1 ■ 

[ o o 2 6 i n^htcSE}mmmm^^^m^ mx-hz* *nimtia>*a&it % c©x ? s>£e p„ 

:.^f#g|i2 I ^a&ttiiiii -/^ia^2:2tcr S EMBft : lio:^^ 
x x : : : : : : :A^x ^ 

sttfc&x v v>&v>&&&&&w&irh. ? b£<^g*#tf>, aw&nfcx * ^£E p. 

[0.0*27] H4K±a**tffei. ; >-C»6nfc.:'x^ .ioi " ! : " 
©B«ttx^t>j9iM2 3«ca&n. HfflSttffcA**> x j>^j6EP.^x?^jgEP.*-oo**;MC, 

• [0 02 6] x^^iig&2 3r'{i. H4 cestui £n*x y t>^^n^nnu^y^^nhx^ 

H5<c^rtl*c. j*fflsnA:SX3f"^^&3i [0 03 8) ±iio>*^Ji«*»6^fc&**E P. 
Ith^ii^EP^tSCC, <t^V^24©2 <D«IB*v *^att*2 4fciS6n*. J£ffiH£B|l2 4 

[0 02 9] SSCCmf: x? i>eJMSK#UC. Sx £ft£o B9tC?n'r^ J >tCCRTicSES3nt:^ 
?t^ccEPi-EPn#B*r'«»«l»a:W^ , r& ( > iSEMia«±ec&*7^«>T^tt*^ii»l 6a, 

[ o o 3 o ] <xic> cteca ^sjD^^mm- i6b, m^EP, ^^vx^^mj.mm>-k 

fcK<E#tl=E.P,£$li:, x? ^EPi^x^i^E ' , SS*«*l(ttB , >^ ^ K I 8*. ^ttfci:* 
' ' P m i2v<D9b~?KQ^&. CCX&* . .mStfft. . : . * 

EP.^x*s>£EP,V?2Ai. xr^EPw,^ " [0040] «±©»Wb/cJ:^K/ZO(DiL»fiI«cc 

x^Ep^^mt^, !M>*x?yjScD«a**nena3c*^^A«:j>w* 

[003 1 ] )SC'&il^EP«i£xy^EP,^^x^:;: QH&ZX&r ZCtic£*>X> iS£;<*^> 

x^^^xsafi^Tttfii, ^^^nc-n^tbr lowest*, -tn-en^i^f ^sw-sc^^ 

'[0 03 21061*, ±j^£^KUt::£tf>&*tfc <fc : . : : ->*<£^ : 
j" 00JHj£E Pi tCttT£.&? 9 *0M. * 2>«®x&Rtf 1 0 0 4 ! ] JcS^timAVl*. ^^Sfl^E P 

: .ic. (g^il^EP^^x^^EP^^cc, : x@iail<0¥^(g^^CCi&^ gj^tc^^cz^ 

. ■■■:./[ 0 0 3 3 ] R. H 7 \t±&<»mcb*&®tc: ;. [ 0 0 4 2 ] . xm2Q>mm&) S 1 ©*te«SES<S 

.. «j^e^^$<^^rc^^i^^^o. xv-t^EP ^5*vh$<sa5$n^<tt^p^si^^c 

: ' niit?fc»cc^8fcfts^:* < rj:&o>X : &Zo [ 0 0 4 3 ] ;**te«5(frc«" ^1 CD*ft^«4BtW> 

[0 03 4] H8<c«; {^^1, 2C^jil ^*->^'«*snik:tf.>i^ 

fJlU^E P , ^S^Uvdi'a^F ;^7:CC/j: 2^0C^5'Xi<:^g|^^. flfenfe^y^iMffl 1 5 
[ 0 0 3 5 ] Z £ X'¥*M<Cm&&± V t #£'K F 59 it @1 OtC^6fcO*C<fc*<> HlTC0gIlO^C^ 
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(7) #082002-29676 1 

[0 06 1 ] (»30*tt»*> ^iWKKttfe^T )lZ&ffi?h£5KUXi>&.*. 

it. $\'4K*?&*ti'<*~>&m^hm&tC^\.> [0067] *fc, fl*tfCGW*->li, M*tSH"l 

m * : ttiflHM*i o i £*2%Httim*i 0:2. m*c±m'*%* z:cx'*m'W%\<xm i«& 

*ti*n«it" *2^8f®«a»»i 03, i 04^w ft»»ia«©»^«c^r&c^^t?*n«atiwHi 

(D¥ffl*e«M«l 0 1, 10 2, 1 0 5 4 2oooKs 10 ( 0 06$] C<D* 5«ci/C^&ft&3«£E ft*. 

tt»103, 1 0 4<5>«tf"C5-W8U»tC»aT* o EPu, EP ft *. EP.,Kf«^r, 
[0 06 2 ] ftf. MlC-^ife^iPJ^Cl/C SE «B« fflfl aftffltt^toi.Ci^CS^ 

M^H 1 rtCc:@^.A-^-^jt^ti^ U [ 0 0 6 9 I tti*>*>, »fHAE F ft1 <L<>il°E P„ i 

A I/. Smv<*->^SEMH»MP«?&. Hi 4 (^(C^^tta^^ x?i>£EP,- 
' (C W» 1/ fc - > © S E MB*£*?\, B 1 4 fcjSfc*! E P . , t E P i , - x 4 PM E P - * -eft* 

^i^i ^^^^^^t; *i ! i^i:;^ i : ;<3?^ib^s^;i i^i^?"?: ;tt #a«E p.,, ep.,. ep.., EPa« 

[006 3 ] $ ttfcx * S> A<WB.K*JVC KH 1 20 £♦ tf.W*»Slj&E P bi -^E Pm i #If£E P,« 

EP.^feEP.*T'IB»cc*#*^W ■ •■wX^i>^EP.*Jfffl3bfcii»&t:'^C* : 

n* S^OSitfK^ii?*. *<&m*&-en*ftE P 1 0 0 7 0 ] «±Sffll/fc<fc ^tc, ff *>nfeBi»*cc- 

& EP flt , EP.,, EP.,£f*, ^fflteSB^Ktii ^<EJ£M#£vCt>, ifc^^a^^y^ 

^^x ^:^EP,-x--:^E Pnf, x : ?i>£EP.j aaitttHr^Ci^r'*. «M^*->*iEiBK«)S 

'th**Hbtti»*£frm 1 9 v. 19, , 1 9.s--*C2 1 0. 0 7 1: 1 ttto; ^U&^4««tor«2:<D*tt 

iKL |£M$#tt1Siit'£x ? vAE P* 4 -X *> S''*§E SZ&tmi&X. Ay Vj^E-pV^A'?^E:P 4 ©^* 

p BJ . x^^EPa^x^t^Ep^ti-eni^^ ftSK-^^Atc&tf. -enencQ^^x^x-:/ 

[006 4] Sfi^l 9i^l 9*^6x?^*-cos>« fttcffi&WA 1, A2<Pf4® <yj£g> 

p h , . x -v s>-SE Pa « ~~x 9 t>«E P* *jttBW-6lWil <E>Sx y i^^ti^n^^ >ft&xm;{LX&e> 

&&mz&m 1 9 . < [ o 072] s * ^>iawi&:it^s^<b a 

[0065] ^.EP... EPa,, EP.„ EP.,4 OODBiK^felitt^^-VCIfi*^ 
**T*gt>*«lft*fi64*. ±i±^>SiiCC?S-*CX7i> ^ft^P^8^fti$Q^feTCxrt^JC«fR» 
= EP,-x^^x^^EP.*T'^9i<^EP 40 titjiiiti liffl^*->©iSiffl^*»^n6 0 * 

^»*lAEP ft ,., E:P: fta , E Pa,, E:P, € :«r*^;C 4»«6ifa^ A-.LrtT.B«^^ 

Cfttcli«n-B»<C'!W«!ffl^l!'C* [0073] ff^n&«g8J^^->®»l*rr*«t*J i 

[0066] <Ct*»©»H4*/j:<*&fefe«C«* 'S«©fife±*")gf^ . 

^x®*>z>ipvm ~*>wci,xm. **<ytizic.m rn^x, cm? t ^m^x t u?ct&£< 
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m ^20 02-2 96 7 6 1 

«c J: 0 WBh* i i - * 4 U :iq H«**fi"C * EP.,-x?i>jSEP.S:x ii^i^ 3 6 id *-ft 

RJ5t4«^&aSW&Ci^r*^ [0 08 1 ] »tt*EP„. EPuir . «<&$«£EP 

[0074] & ssntelW^^-^^wBtt^-*^ EP nJi ^^r^BP,^6x 7 s^ep^i:"t- 

mtti^m^ dx^n^CHi^MOii^J:^ P. lu E P„, 1 /4PJ4 t^siJW^^'C^Wi 

[007 5] 3?. mt&l'?Z&<Dl&tt7~$Z*)V>/ [0082] i'ftji H2 1 Km* J: CRT±£>S 

^r>^i/-^3>^7</-^M'^nci EMH«cc, »«i£ep.„ EP. a . »m«n?c*a* 

cc £ 0 i b - & s & J: *)fr_t£itz>ctb Tfctti&i 0 >< > K 3 7 % tffKS nfeHK**? < P3 3 5 % 

[0:07 6 ] £ ^ icb Z&®%tifci$%j:<* - >fl> l\ 

&^*~$&fflm%1> ?4&ULW}$tiZ>* i?v> 10 0 8 3 ] X 02 2 < a ) tc*T£^ic v 

CRT±OSEMiii«tcSfcn:*^5n&. $'&&m 20 EP t -^SlL^EP.,^iia^ci[^3 4. £Sl£EP 
1 7 fciKtii b&i v PM\ 9m° 1 7 ' #»M*T« v P. *jfi«U'fc683 6 ; it^^E 

*ft*»«iK*->3 2. tfffiUft»l 9, P.^ftSlsEP.aOx^^^flttr-HSn^WWDffl 

! 8^i^SE^Iil«rt^^^->^Mtor^^tl «**«>rt>^»o rt^tt. E2 2 <b> fcftfcfc^ 

CC. x^^EP 1 ^»^EP. 1 *afi<Rb/di«3 4 
:.[ 0 0 :7 :7] <^4 0Sfe©«> -^*d^tc4^^it: ::: : : 4£ft£EP< a £i ? ^ E P.. *i£mi/fcB«3 6i 

w*. @i %ic^utc^z->\m%&ic&^$~ EP il *ifi«{i/?taaK:«i/T:4 5' ©«a«:#oe» 

[ 0 0 7 8] ftCDA* * ttt>*>ft<3[>tt»*n*C [ 0 084] C<0£ ^KU*C*»^mcft*»<DPW>* 

[0079] mi 8tcftT*^v>**->**«Jfc3ftT: ftii*A^ 0 iftlf^ v ^->^^^**^u 

©flS^CROi 3 3€WS, ROI {Rwon of m [0 08 5] <*5<WflS»»> **tt©ftCC4sc»i: 

xeresO rtfl>x^i>flS«C[)*«:#lH'r-5J: J >tcl/ 1 C«>A W. 02 3«c*TJ: ^ fc^ 

[0080] W*tOT20^HA«©ft^yt^#. 0 1 ©3aa*£tl!a.»^-> 2 3 0 2-#tf$3JrCC>&« 

R:*i»ai$:*i f^6n?cSx->-:>^EP,-EP fl ^r ><t#(«n*. c^<*->i*±j*co*s*a^&*>tt 

Aic^a-r;^ . *«i«<!>»*bS*EP„ B EP ftl 4T [0086] E24t^ mi<D^hmM^m^^v 
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15 16 

^7m$~>m*Pi!wim& »sM*Ep ftl , e s»ae.p,,, ep.*, ep.«v EP\Mm\m*\m 

c<^Mm=EP ni . EP flJ ^4^*te?Mtc: p„ ! ^4 0i^fe^igtcia^*^^-r^T^c 
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